SUMMARY Cerebral blood flow (CBF) and mean arterial pressure (MAP) were monitored in six normal baboons and six further animals in which an artificial subarachnoid haemorrhage (SAH) had been induced one week previously. MAP was reduced by the infusion of sodium nitroprusside. In the normal animals with administration of sodium nitroprusside, CBF increased initially but started to decrease as MAP was reduced below 65 mm Hg and fell below its baseline value when MAP was less than 50 mm Hg. In the SAH group, there was no initial hyperaemic response and CBF fell below baseline values when MAP was reduced below 50 mm Hg. When, during the infusion of the sodium nitroprusside, MAP was returned to normal using angiotensin, CBF increased above its baseline value. These results suggest that the cerebrovascular effects of sodium nitroprusside are the net result of competition between direct cerebral vasodilatation, falling arterial blood pressure and the degree of impairment of the "autoregulatory" mechanism. Evidence of ischaemic brain damage was found in the arterial boundary zones of both groups of animals.
In view of the widespread clinical use of sodium nitroprusside (SNP) both generally (management of episodes of acute systemic hypertension,' 2 induction of intraoperative hypotension3 4) and in neurosurgery5 we wished to determine its effects on cerebral blood flow and cerebral oxygen consumption at different degrees of induced hypotension. There is some conflict in the literature over the cerebrovascular effects of SNP partly because previous studies have not examined the whole "autoregulatory" curve. We have examined the following questions: Does SNP have direct effects on the cerebral blood vessels and on cerebral metabolism and how are these modified one week after the subarachnoid instillation of blood? Does SNP predis-pose to ischaemic brain damage in the boundary zones?
Methods
The effects of progressive graded decreases in systemic arterial pressure, induced by SNP, on the pressure/flow relationship of the cerebral circulation were investigated in six anaesthetised intact baboons, and in six similar animals one week after the induction of an artificial subarachnoid haemorrhage. This preparation has been described in detail.6 7 In brief, twelve young adult baboons were sedated with phencyclidine, anaesthesia was induced with thiopentone, the trachea intubated and anaesthesia maintained with phencyclidine and nitrous oxide in oxygen.
Neuromuscular blockade was produced with suxamethonium and intermittent positive pressure ventilation used. One week previously, six of these animals were anaesthetized with thiopentone and halothane in 70% nitrous oxide and oxygen. Tracheal intubation was performed and ventilation was controlled. The suprachiasmatic cistern was punctured with a needle passed percutaneously through the optic foramen without enucleation of the orbit. Once a free flow of cerebrospinal fluid had been obtained, 0 75 ml/kg of the animal's own arterial blood was injected into the subarachnoid space over 30 seconds. After the production of the artificial subarachnoid haemorrhage anaesthesia was discontinued and the animals 2) .
The infusion of angiotensin during the continued administration of sodium nitroprusside restored MAP from 57 mm Hg (± 3) to 92 mm Hg + 6 (99% of baseline), and this was associated with a mean increase (± SD) in CBF of 31 ml/100 g min-(±9) (p < 0-001) (fig 2) . (2) Subarac hnoid haemorrhage. The administration of angiotensin, before the onset of systemic arterial hypotension, induced an acute increase (± SD) in MAP of 31 mm Hg (± 5). At this value of MAP mean CBF was 71 ml/l 00 g min -1 (± 5) -an increase of 15 mI/100 g min ' (±6) (p < 0-05) from its baseline value (fig 2) .
During the continuing administration of sodium nitroprusside, and at a MAP (± SD) of 56 mm Hg (± 6), the infusion of angiotensin increased MAP acutely to 112 mmHg (±5). Concomitantly, CBF increased by a mean (± SD) of 38 ml/100 g min-(± 15) (p < 0001) (fig 2) . 9 Under these circumstances, the term "autoregulation" is a misnomer: CBF is determined by the interplay between the induced alterations in perfusion pressure, the direct cerebral vasodilatory actions of Fitch, Pickard, Tamura, Graham the drug and the degree of impairment of the autoregulatory mechanism. The direct effects of sodium nitroprusside on the contractile mechanism of vascular smooth muscle may alter the intrinsic reactivity of the cerebral blood vessels. It is not possible to validate the presence or impairment of "autoregulation" by altering mean arterial pressure with drugs which have direct effects of vascular smooth muscle. Furthermore, the precise pattern of the pressure flow relationship differs depending on the drug employed to decrease MAP. In the intact cerebral circulation, CBF is maintained at or above the baseline value until MAP is reduced below 50 mmHg with SNP. In a previous study from this laboratory, hypotension induced by the combination of halothane (0 5%) and SNP did not increase CBF at MAP higher than 45 mmHg. However, halothane not only reduces the dose of SNP required to produce any level of hypotension but also attenuates the direct cerebral vasodilator effects of SNP. 9 As documented fully in the earlier papers6 7 these animals are neurologically intact one week after the subarachnoid injection of blood, have normal intracranial pressure with no ischaemic cell change or ultra-structural damage to the cerebral arteries. Despite this rather mild insult compared with that seen in many patients, both the ability of the cerebral circulation to maintain CBF constant with moderate halothane-induced hypotension or angiotensininduced hypertension and the reactivity to hypercapnia and hypoxia are impaired one week after a subarachnoid haemorrhage.
Autoregulation to halothane-induced hypotension during surgery for aneurysmal subarachnoid haemorrhage is impaired in about 25% of patients who had a normal conscious level and no neurological signs pre-operatively.22 These present studies confirm that, following subarachnoid haemorrhage, CBF does not remain constant but increases with moderate hypertension induced with angiotensin 1I prior to administration of sodium nitroprusside. There is no initial hyperaemia with SNP in the subarachnoid haemorrhage group, but CBF does not start to decrease significantly until MAP decreases below around 50 mmHg. The risk of development of delayed cerebral ischaemia after clipping of the aneurysm is greatly increased in those patients whose CBF decreases with moderate hypotension induced by halothane or trimetaphan. In a small series of patients the prognosis post-operatively was worse in those in whom CBF did not increase with SNP-induced hypotension but either remained constant or decreased. 23 The net effects of SNP on global cerebral blood flow are the results of a complex interaction and the apparent maintenance of CBF above a MAP of 50mmHg should not be taken to imply that physiological reactivity is normal. Whilst the ischaemic threshold of the brain may not be altered, the anaesthetist cannot depend on the physiological integrity of the cerebral circulation to protect the brain from the effects of inadvertent or uncontrolled decreases in arterial pressure. We do not know how long the cerebrovascular effects of SNP take to reverse after it is stopped.
